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REAR PROJECTION SCREEN USING INTERNAL REFLECTION AND ITS PRODUCTION 

Backfflrounci 

The present invention is directed generally to a rear projection screen and more 
particularly to a rear projection screen that incorporates totally internally reflecting 
structures to disperse the light passing through the screen. 

Rear projection so'eens are generally designed to transmit an image projected onto 
the rear of the screen into a viewing space. The viewing space of the projection system 
may be relatively large (e.g., rear projection televisions), or relatively small (e.g., rear 
projection data monitors). The performance of a rear projection screen can be described in 
terms of various characteristics of the screen. Typical screen characteristics used to 
describe a screen^s performance include gain, viewing angle, resolution, contrast, the 
presence of undesirable arti&cts such as color and speckle, and the like. It is generally 
desirable to have a rear projection screen that has high resohition, high contrast and a large 
gain. It is also desirable that the screen spread the light over a large viewing space. 
Unfortunately, as one screen characteristic is improved, one or more other screen 
characteristics often degrade. For example, the horizontal viewing angle may be changed in 
order to accommodate viewers positioned at a wide range of positions rdative to the 
screen. However, increasing the horizontal viemng angle may also result in increasing the 
vertical viewing angle beyond what is necessary for the particular application, and so the 
overall screen gain is reduced. As a result, certain tradeoffs are made in screen 
characteristics and performance in order to produce a screen that has overall acceptable 
performance for the particular rear projection display application. 

Thus, there remains a need for screens that have improved overall performance 
while meeting the minimum performance criteria necessary for the rear projection display 
application in which the screen is used. 

Snmmarv of the InvenHon 
Generally, the present invention relates to a light dispersing film for a rear 
projection screen and its method of manu&cture. The film disperses light passing 
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ther^hrough by reflecting the light off reflecting surfaces disposed within the film. The 
reflecting surfaces are formed at the surfaces of structures within the film. 

In one particular embodiment, the light dispersing fihn indudes a first layer formed 
fi-om a first mat^al having a first reflective index, the first layer havii^ first and second 

5 opposing sides and a first optical axis nonnal to the first side. The first layer includes 

stmctures formed fiom a second material having a second refi^ive index smalls than the 
first refi-active index. The structures have bases at the second side with one or more side 
walls extending towards the first side. First internal reflecting surfaces are formed by 
interfaces between the first and second materials. The structure bases include a li^t 

10 absorbing materia]^ and optically transmitting areas of the second side are defined between 
the structure bases. The first internally reflecting surfaces form reflecting units that 
asymmetrically disperse light through respective optically transmitting areas. The first 
reflecting surfaces form surfaces disposed at at least two angles relative to the first optical 
axis. 

IS In another particular embodiment, the light dispersing film indudes a first layer 

formed from a first material having a first reflractive index, the first layer having first and 
second oppo^g sides and a first optical axis normal to the first side. The first layer 
includes structures formed from a second material having a second refractive index smaller 
than the first refractive index. The structures have bases at the second side with one or 

20 more side walls lending tovwds the first »de. First internal reflecting surfaces are 

fomied by inter&C4^ between th&first and second materials. The structure bases include a 
light absorbing material, and optically transmitting areas of the second ^de are defined 
between the structure bases. The first internally reflecting surfaces form reflecting umts 
that asymmetrically disperse light through respective optically transmitting areas. The first 

25 reflecting surfaces are disposed to reflect light to selected directions within a dispersion 
plane. 

In another particular embodiment, the light dispersing film includes a first layer 
formed from a first material having a first refractive index, the first laya: having first and 
second opposing sides and a first optical axis normal to the first side. The first layer 
30 includes structures formed from a second material having a second refi:active index smaller 
than the first refiractive index. The structures have bases at the second side with one or 



2 



wo 01/04701 



PCT/US99/27250 



more ^de >valls otending towards the first side. First int^al reflecting surfaces are 
formed by interfaces betwem the first and second materials. The structure bases 'mdude a 
light absorbing material, and optically transmitting areas of the second side are defined 
between the structure bases. The first reflecting surfaces form surfaces disposed at two or 

S more angles relative to the optical axis. All light reflected by the first reflecting surfac^es is 
reflected at didectric-dielectric interfaces. 

In another particular embodiment, a film for a rear projection screen includes a 
substrate layer, having a first substrate layer side. Structures, formed fi-om a first material 
having a first refractive index, are disposed with structure bases on the first substrate layer 

10 ^de. Sidewalls of the structures extmd in directions away fi'om the substrate. Structure 
bases are formed of light absorbing material. Clear areas are defined on the first substrate 
layer side between the structure bases. An overlayer, formed fi*om a second material having 
a second re&acttve index larger than the first refi-active index, is disposed over the 
structures and the clear areas of the first substrate layer side. Interfaces between the 

IS overlays and the sidewalls form internally reflecting sur&ces for light propagating within 
the overlayer towards the substrate in a direction substantially perpendicular to the 
substrate. 

In another particular embodiment, a light diffijsing film for a rear projection screen 
includes a first layer formed fiom a first material having a first refiractive index, having first 

20 and second opposing sides and an optical axis normal to the first side. The first layer 

includes structures formed from a second material having a second refi-active index smaller 
than the first refi-active index. The structures have bases at the second side with one or 
more side walls extending towards the first sade to define first reflecting surfaces. The 
structure bases include a light absorbing material and optically transmitting areas of the 

25 second side are defined b^ween the structure bases. A bulk difiEiiser is disposed to disperse 
light passing through the optically transmitting areas of the second side. 

In another particular embodiment, a light dispersing film for a rear projection screen 
includes a first layer formed fi-om a first material having a first refi-active index, the first 
layer having first and second opposing sides and a first optical asds normal to the first ^de. 

30 The first layer includes structures formed fi'om a second matmal having a second refi^ctive 
index smaller than the first refi-active ind^ the structures having bases at the second side 
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vnth at least two side waDs extending towards the first side. Internal reflecting surfaces are 
fbnned by inteiftces between the first and second materials. The structure bases include a 
light absorbing material, and optically transmitting areas of the second side are defined 
between the structure bases. At least one structure has at least one of the two sidewalls 
5 disposed at an angle selected to be parallel to diverging light passing through the film fi'om 
an image light source positioned on the first optical axis. 

In anoth^ particular embodiment of a light dispersing film, the film includes a first 
film having first and second opposing sides, the first film has a first refixictive index within 
a first refi'active index range. The first film includes structures formed fi'om a structure 
10 material having a second refi'active index smaller than the first refiucttve index range. The 
structures have bases at the second side with one or more side walls extending towards the 
first side. First internal reflecting sur&ces are formed by interfaces between the structure 
material and the material of the first fihn. The structure bases include a light absorbing 
material, and optically transmitting areas of the second side are defined between the 
IS structure bases. The first refiractive index of the first film proximate the first side is 
different fi^om the first refi^ctive index of the first film proximate the second side. 

In another particular embodiment, the light dispersing fihn includes a first layer 
fisrmed fi^om a first material having a first refirunive index, the first layer having first and 
second opposing sides and a first optical axis normal to the first side. The first layer 
20 includes structures formed fix)m a second material having a second refi'active index smaller 
- than the first refi:active index. The structures have bases at the second-ride wth one.or 
more side walls extending towards the first side. Metal coatings are disposed on at least 
portions of the side walls between the first and second materials to form first reflecting 
surfaces. The structure bases include a light absorbing material, and optically transmhting 
25 areas of the second side are defined between the structure bases. The first reflecting 

surfiices form reflecting units that asymmetrically disperse light through respective optically 
transmitting areas. A bulk difl^ser is disposed within the first material to disperse light 
passing through the optically transmitting areas of the second side. 

A particular method for manufacturing an optical film includes casting and curing 
30 structures on a substrate, the structures being fi)rmed Srom a first material having a first 
refixictive index and with optically absorbing bases on the substrate, and open substrate 
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areas being defined between adjacent structures on the substrate. The m^hod also indudes 
ov^oating the structures and the open substrate areas vAth a second material ha^ang a 
second refiractive index greater than the first refiuctive index, so as to form reflecting 
surfaces at Int^faces between the first and second materials. The r^ecting sur&ces are 
disposed to reflect light, propagating through second material substrate in a direction 
substantially parallel to an optical axis of the film, towards open substrate areas. 

Another particular method of forming an optical film includes forming grooves on a 
first side of a film of first material having a first refiuctive index, with open areas of the first 
side between the grooves. The method also includes forming an optical scatterer on the 
open areas of the first side, and filling the grooves with a second material having a second 
refractive index smaller than the first refractive index, the second material being optically 
absoibing. 

Another particular method of forming an optical film mdudes casting and curing 
structures on a substrate, the structures bdng formed from a first mat^al and with 
optically absorbing bases on the substrate, and open substrate areas b^ng defined between 
adjacent stmctures on the substrate. The method also includes disposing a metallic layer 
over at least part of the structures to form reflecting surfaces and overcoating the metallic 
layer and the open substrate areas with a second material. The reflecting surfaces are 
disposed to reflect light, propagating through second material substrate in a direction 
substantially parallel to an optical axis of the film, towards open substrate areas. 

The.above.summary of the present invention is not intended to describe each 

illustrated embodiment or every implementation of the present invention. The figures and 
the detailed description which follow more particularly exemplify these embodiments. 

Brief Description of the Drawings 

The invention may be more completely understood in consideration of the following 
detailed description of various embodiments of the invention in connection with the 
accompanying drawings, in which: 

FIG. 1 illustrates a rear projection display; 
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FIGs. 2A and 2B illustrate cross-sectional views of particular embodiments of rear 
projection displays; 

FIG. 3 shows curves of optical gain plotted against angle of view, for vertical and 
horizontal angles; 

5 FIGs. 4A and 4B illustrate one embodiment of a light dispersing screen; 

FIGs. 5 A and 5B illustrate different light dispersing layers; 
FIG. 5C illustrates a partially fabricated light dispersing layer; 
FIGs. 6 A and 6B respectively illustrate gain profiles of the light dispersing layer 
illustrated in FIG. 6A; 

10 FIGs. 7 A and 7B illustrate a light dispersing layer having curved r^ecting 

structures according one embodiment of the present invention; 

FIG. 8 A and 8B illustrate an embodiment of a light dispersing layer having faceted 
reflecting structures according to an embodiment of the present invention; 

FIGs. 9 and 10 illustrate different embodiments of light dispersing layers according 
IS to the present invention; 

FIG. 1 1 illustrates another embodiment of a light dispersing layer according to the 
present invention; 

FIGs. 12 and 14 illustrate additional embodiments of light disper^g layers of the 
present invention, with light dispersion in two dimensions; 
20 RGs. 13A and 13B illustrate cross*sections through the light dispersing layer of 

FIG. 12; . 

FIG. IS illustrates an embodnnent of a light dispersing layer having an overcoat 
with a varied refractive index according to an embodiment of the invention; 

FIG. 16 illustrates an embodnnent of a light dispersing layer having a scattering 
25 interface according to an embodiment of the invention; 

FIG. 17 illustrates an embodiment of a light dispersing layer having a scattering 
surfece according to an embodiment of the invention; 

FIG. 18 illustrates anoth^ embodiment of a light dispersmg layer according to the 
present invention; 

30 FIG. 19 illustrates an expanded view of a low-refractive index structure of the 

embodiment shown in FIG. 16; 
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FIGs. 20A-20C illustrate manufacturing steps in a method for manu&cturing a film 
according to the presrat invention; 

FIG. 21 A illustrates the absorption of stray light by reflecting structures; 

FIG. 2 IB illustrates the redirection of stray light by reflect'ing structures; 

FIG. 22 illustrates an embodiment of a light dispersing layer having a refracting 
structures positioned to refract light passing through open areas, according to an 
embodiment of the invention; and 

FIG. 23 illustrates method steps for forming a metallically reflecting film according 
to an embodiment of the present invention. 

While the invention is amenable to various modifications and alternative forms, 
spedfics th^eof have been shown by way of example in the drawings and will be described 
in detail. It should be imderstood, however, that the intention is not to Unut the invention 
to the particular embodiments described. On the contrary, the intention is to cover all 
mocfifications, equivalents^ and alternatives falling within the spirit and scope of the 
invention as defined by the ^pmded claims. 

Detailed Description 

The present invention is generally applicable to a number of different screen 
assemblies and is particularly suited to screen assemblies used in rear projection systems. 
In particular, the present invention is advantageous in applications where the most likely 
position of the viewer, or viewers, is known: the invention is useful in directing light from 
all portions of the screen to the most likely viewer position, to increase brightness 
uniformity eicross the screen. 

The rear projection display 100 is described with reference to FIGs, 1 and 2. The 
display includes an image projector 102 that projects an image onto the rear side of a 
screen 104. The image is transmitted by the screen 104 so that a viewer 106, located at 
some point beyond the screen 104, can see the image projected through the screen 104. 
The rear projection display 100 may be, for example, one or more rear projection 
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televisions, or one or more rear projection computer monitors, or any other rear projection 
displaying apparatus. 

In accordance ivith one embodiment of the invention, an image projector 102, for 
^cample a liquid crystal display-based light projector, or any other suitable type of image 
projector, can be used in the rear projection display 100 to project an image onto the rear 
surface of the screen assembly 104, The rear projection display may vary in size from 
relatively anall data monitors, to large screen televisions and video walls. The projection 
display 100 may also rely on a folded image projection path within its housing, such as the 
various projection systems described in European Patent Application EP783 133, entitled 
"Projectmg Images", the contents of which are incorporated h^ein by reference. As will be 
appreciated from the descriptions below, such systems particularly benefit from the use of 
the various screen assemblies described herein below. 

A more detailed description of the various screen characteristics is now provided. 
One important screen characteristic is gain. The gain of a screen rqsresents the screen^s 
brigfhtness as a function of viewing angle. The gain is typically calibrated using an ideal 
Lambertian reflector with the gdn of the ideal Lambertian standard set at 1 for all an^es. 
The peak gain of a screen (or screen element) corresponds to the highest gain at some 
angle. For example, the peak gain of a bulk difiuser screen, illuminated from behind at 
normal incidence, is typically observed for the light transmitted through the screen at an 
angle normal to the screen sur&ce. 

Another important screen characteristic is viewing angle. The viewing angle of a 
screen, as used herein, is the angle at which the gain of the screen drops to half of the peak 
gain. In many situations, the \dewing angle corresponds to the difference between the angle 
of maximum luminance and the angle at which the luminance of the transmitted image 
drops to half of the maximum luminance of the screen. Typically the maximum luminance 
occurs for light transmitted in a direction normal to the screen surface. 

The particular application of a rear projection system determines the desired 
viewing angle. It is typically advantageous to control the angular dependence of the 
so-een's luminance by directing light to that region where the viewer is most likely to be 
situated. For example, where the rear projection display is a data monitor, the viewer is 
typically positioned centrally relative to, and within approximately one to three feet from. 
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the screen. The viewer's eyes may be positioned above a line normal to the center of the 
screen, but the viewer typically does not view the screen from a distance as much as one or 
two feet above the screen. Furthermore, for reasons of privacy or security, it may be 
desirable to reduce the luminance emerging from the screen at an angle of e.g. 30^ or more 

5 relative to a normal to the screOT. This reduces the possibility that someone positioned fer 
away from the axis of the screen, and perhaps having no authority to view the contents of 
the screen, sees the information on the screen. 

Another application for a rear projection screen is in a home tele\dsion system, 
where it is generally desired to direct the angular dependence of the screen^s luminance 

10 over large horiasontal angles, since it is common for viewers to be seated at a position other 
than directly in front of the tele\dsion screen. On the other hand, few viewers view the 
television screen from a portion significantly above or below the screen, and th^efore it is 
commonly desired to reduce the screen* s viewing angle in the vertical direction. 
Accordingly, the preferred viewing angles for a television are typically smaller in the 

15 vertical direction than in the horizontal direction. In certain applications, the vertical 

divergence of the light Srom a television screen may preferably be tilted downwards relative 
to a normal from the televiaon screen. This accommodates^ for example viewers watching 
the television from the floor. In this example, it is not as important to deflect light upwards 
firom the television screen, since viewers typically do not stand to watch television for any 

20 length of time* 

An important characteristic of a screen is its ability to avoid unwanted color or 
speckle effects. In certain screens color may be observed as a random pattern of differently 
colored, pixel-like spots on the screen. Such color artifacts typically result from 
wavelength-dependent effects, such as scattering in which different wavelengths are 

25 scattered in different directions or with different efficiency. As a result of the wavelength* 
dependent effects, different colors may become physically separated and observable on the 
viewer side of the projection screen. Scattering surfaces, such as matte-finished surfaces 
are particularly susceptible to problems of speckle and color. 

The resolution pro\nded by the rear projection screen is becoming more important 

30 as rear projection displays are used in applications with increasingjiy higher resolution 

requirements, for example high definition television. The resolution of a screen is genoaUy 
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d^ined as a measure of the finest detail that can be distinguished in an image projected on 
the screen. 

Considering now the illustration of HG. 2 A, the image light 1 10 produced by the 
image projector 102 is directed to the screen assembly 124. The screen assembly 124 
typically includes several different layers for controlling the image seen by the viewer, 
including a disperang layer 134 and a glass plate 136 to provide support. The dispersing 
layer 134 disperses, or diffiises, light passing through a particular point of the screen into a 
cone angle, so that a viewer on the fer side of the screen can detect image light from that 
particular point. It will be appreciated that the dispersmg layer 134 typically disperses light 
from all points across the screen so that the viewer can see the entire image projected onto 
the screen assembly 124 by the image projector 102. 

H^e, the t&rm '"disperse"' is employed to refer to any process that changes the 
direction of the image light, for sample scattering, dif&idon, refraction or reflection, or 
any other approach, \vhich produces a viewing angle in one or more directions. The use of 
the term does not imply wavelength dependent characteristics. The tenn "dispersion angle" 
is the angle through which light is dispersed, e.g. scattered, refracted or reflected, relative 
to the incident (firection. Dispersion may be symmetric, or isotropic, as is typically 
obtdned uwng a bulk dif&iser. Dispersion may also be asymmetric^ or non-isotropic, for 
example where tfie viewing angle in the vertical direction is different from the viewing angle 
in the horizontal direction. A ''dispersion plane" refers to a geometric plane of dispersion. 

For example, light that is dispersed by a film in a horizontal direction may be referred to as 

being dispersed within a horizontal dispersion plane, or in a direction parallel to horizontal 
dispersion plane. 

The on-a?ds ray of light 1 12 is dispersed by the dispersing layer 134 to produce a 
viewing angle of 29. The off-axis light rays 1 10 from the image projector 102 illuminate 
the edge of the screen assembly 124, and are separated firom the on-axis ray 1 12 by an 
angle of a. When the off-axis rays 110 pass through the dispersing layer, they are 
dispersed by i9' about a ray 1 1 1 that is at an ai^e a relative to a screen normal. The angle 
e* may or may not be equal to angle 6, as the spedfics of the scattering event will depend 
upon other optical properties of the rear projection screen. 



10 



wo 01/04701 PCT/US99/2T250 

Another screen assembly 104 is illustrated in FIG. 2B, in which light 110 from the 
image projector 102 is collimated by a Fresnel lens 113 before bdng inddent on the 
dispersing layer 114. The disperang layer 1 14 is supported on a support layer 116, which 
may be, for example, a glass screen. In this case, the dispersed light transmitted through 

5 the edge of the screen 104 is dispersed about a ray 115 that is normal to the screen. One 
advantage of the screen assembly 104 over the screen assembly 124 without any Fresnel 
lens is that the angle through which light from the edge of the screen has to be dispersed in 
order to be detected by an on-axis viewer is reduced. Since the intensity of dispersed light 
g^erally decreases with increased angle, the image seen by a viewer on the screen 

10 assembly 104 having a Fresnel lens typically appears to be more uniformly intense across 
the screen than where no Fresnel lens is used. 

One example of a desired gain characteristic for a television screen is illustrated in 
FIG. 3 . The figure illustrates two curves, 302 and 304, that relate gain to angle of dewing, 
6 , as might be obtained for a screen used in a television. The broader curve 302 illustrates 

IS the gain, G, as a function of angle, 0 , in a horizontal direction. In othex words, curve 302 
describes the brightness of the screen perceived by a viewer as the viewer moves ddeways 
away from the screen. The horizontal viewing angle, Oh^ is the angle at which the 
luminance of the horizontally dispersed light £iUs to half of the maximum luminance. 

The narrower curve 304 represents the dependence of the gain as a fixnction of 

20 angle relative to the screen viewed in a vertical direction. As has been discussed above, it is 
typically desired in a television application that the image from the screen be directed 
vertically in a relatively narrow range of angles in order to avoid throwing away light that 
would otherwise illuminate the floor and ceiling. This increases the screen brightness 
perceived by viewers located in the expected viewing zone. The vertical viewing angle, 8v, 

25 the angle at which the light intensity is one half of the maximum intensity, is less than the 
horizontal viewing angle. Oh. 

Accordingly, it should be appreciated that there are several applications for rear 
projection display screens in which the dispersion is asymmetric, in order to provide a 
vertical viewing an^e, Ov, different from the horizontal viewing angje, 8h. Also, the 

30 viewing angle in one direction, for example the vertical direction, need not be symmetric 
about the axis through the screen. For example, the gain in the A^rtical direction may fill 
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more rapidly with increasing angle above the screen axis than for decreasing angle below 
the screen axis, as is shown for curve 306, which has its peak gain at 6 = 0^, but which 
sheds more Ugiht downwards than upwards. 

An important measure of screen performance is contrast Contrast is generaUy the 
ratio of luminance of a projected white image to that of a projected black image. As such, 
numerical contrast numbers are dependent on the light source and the imagmg optics. The 
contrast ratio tends to increase with increasing screen brightness and as the projected black 
hnage is made blacker. In one instance^ contrast may be measured in terms of the dynamic 
range of the system. The dynamic range is a measure of the contrast ratio in the absence of 
ambient light. When a projection display is used in the presence of ambient light, some of 
the ambient light may be reflected from the screen. The reflected light typically includes 
both specular and difiiise components. The ambient reflection tends to decrease the 
contrast of the screen. Thus, if the screen is used in the presence of ambient light, the 
contrast ratio is also dependent upon the ability of the screen to absorb the ambient light: it 
is particularly de^able to reduce the amount of ambient reflection from the screen. 
Therefore, the amount of ambient reflectance pro^des another usefiil measure of screen 
performance. 

One approach to cUspersing the light, discussed in U.S. Patent 5,768,014 and 
illustrated in FIG. 4A, is to use a single layer screen 400, having a front surface Fresnel lens 
402 on the input side that receives the light from the image light source. A number of 
. refractive prisms 4Q4 are provided on the exit surface 406 of the screen... The prisms 404 
are shaped as isosceles triangular prisms, their bases flush with e>dt surface 406. The 
refractive index of the prisms 404 is lower than the refractive index of the surrounding bulk 
material 408. Absorbing material within the prisms 404 absorbs any light that passes into 
the prisms 404. The prisms 404 are arranged in layers 410, 412, and 414, with the position 
of the prisms 404 staggered betwe^ each layer. The clear portions 416 of the exit sur&ce 
406, between the prisms 404, are provided with a fine-mat-surface that acts as a surface 
scatterer. 

The operation of the screen 400 is explained with reference to FIG. 4B, which 
shows a section through the screen 400. Light 420 from the image light source is inddent 
on the Fresnel lens 402, which colUmates the light along the direction of propagation. The 



12 



wo 01/04701 



FCT/US99ir27250 



light then propagates towards the exit sur&ce 406. Some of the tight intercepts the 
interface 422 between a prism 404 and the bulk material 408. The angle of the prism apex, 
9, and the difference between the re&active indices of prism 404 and the bulk material are 
selected so that the light is totally internally reflected at the prism interface 422 towards the 

5 clear portion 416 of the exit surfece 406. The lig^t propagates through the exit surface 406 
at an angle to the surface normal, and suffers some scattering by the fine-mat-sur&ce. 
Some of the light colUniated by the Fresnel lens 402 is directly incident on the clear portion 
416, and propagates out of the screen 400 substantially in the normal direction shown by 
the ray 424. Thus, total internal reflection by the prisms 404 is used to disperse the light in 

10 the horizontal direction, while the fine-mat-surface provides isotropic scattering into both 
the vertical and horizontal directions. The bases of the prisms 404 present light absorbing 
material to the viewing surface of the screen 400. Absorption of ambient light by the prism 
bases provides the screm contrast. 

Several problems mth the screen 400 remain unaddressed in U.S. latent 5,768,014. 

15 One problem is the use of the surface scatterer. If there is no isotropic scattering at the exit 
surfEU^ of the screen 400, then the light emerges only along three distinct directions, 
labeled A, B, and C. Consequentiy, the horizontal gain of the screen 400 has three peaks, 
one at zero d^ees, (direction A) and the other two peaks positioned symmetrically about 
the center peak, corresponding to directions B and C. In order to provide a relatively 

20 smooth horizontal gain curve, and to prevent the gain profile fi^m bang dominated by the 

three peaks, there must be a large amount of scattering at the fine-matrsurface» Le. the .fine-. , 
mat-surface nrnist scatter light through a relatively large angle. However, the use of a 
surface scatterer, particularly a surface scatterer having a sufficiently lugh degree of 
scattering to produce the vertical viewing angle and to smooth out the horizontal gain 

25 profile, results in speckle and color problems in the viewed image. The speckle resulting 
fi'om a sur&ce scatterer may be reduced by increasing the degree of scatter imparted by the 
scatterer. However, the requirement to increase light scattering to reduce speckle may run 
contrary to the amount of scatter required to produce the desired horizontal and vertical 
viewing angles. 

30 Another drawback with using a surface scatterer is that the scattering properties are 

compromised if the fibn is laminated to another film. The effect of the lamination is to 
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reduce the refractive index difference experienced by light as it passes out of the high 
refractive index material, and so the scattmng is reduced. This may be particulariy 
important if the surface scatterer is the only mechanism in the fihn for smoothing out the 
horizontal gain profile. Accord'mgly, the use of the fine-mat-surface may limit the range of 
5 performance of the screen. 

Another problem with the screen 400 is that transmission through the film may be 
reduced if the light is internally reflected more than once. Therefore, the spacing between 
adjacent prisms that achieves maximum transmission is sufficiently large that light is not 
reflected by more than one prism. Thus, for maximum transmission, the spacing between 
10 prisms is dependent on the required viewing angle: if a larger horizontal viewing angle is 
required, then the inter-prism spadng is increased. However, incr^ing the inter-prism 
spacing reduces the ratio of the black area on the screen, and so the screen contrast is 
reduced. Thus, screen contrast is not independent of screen transmission or viewing angle. 
Another problem with the screen 400 is that the method for manufacturing a film is 
15 complex, wluch results in increased manufacturing costs. 

An important advantage of the present invention is that the dependence of the film 
on the use of a sur&ce scatterer is reduced. Consequently, the present invention may be 
used to substantially reduce the non-uniformity of the gain profile resulting firom internal 
reflection, thus permitting different viewing angles to be established in the horizontal and 
20 vertical directions without adversely afifecting oth^ characteristics of the film. 

Additionally, the limitations on the screen contrast may be reduced^ thus permitting the 

screen contrast to be increased without limiting the viewing angle or the screen 
transmission. An embodiment of the present invention is a scr^n whose internally 
reflecting surfaces are disposed to reduce the large peaks in the gain curve discussed above 
25 with respect to the screen 400, i.e. to reduce the non-uniformities in the gain profile. The 
invmtion permits the designer to select reflection of image ligfht in different directions 
within a dispersion plane. 

One particular raibodiment of the present invention is illustrated in FIG. 5 A A film 
500 inchides a substrate layer 502 having, on one ojr&ce, triangular structures 504 that 
30 absori) light and that have a relatively low refi-active index. The structures are separated, at 
their bases, by dear areas 508. A layer 506 of high refi*active index material overlies the 
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Structures 504, filling the spaces between adjacent structures 504. The high refractive 
index layer 506 may be loaded with diffuser particles to act as a bulk difiEuser. Bulk 
diffiisers do not suflfer fix>ni the same problems as the fine-mat-sur&ce mentioned above. 
First, the speclde problem is reduced because the bulk diffiiser breaks up the coherence of 

S the light passing through the screen. Second, the color problem is reduced because 

multiple-scattering events tend to average out the wavelength dq^endence of the scattering 
event. Third, the bulk difiuser can be laminated to other layers without adversely affecting 
its light dispersing properties. 

The structures 504 may be formed as short structures and arranged in a checkered 

10 pattern in a film, for example like the pattern illustrated in FIG. 4A. The structures may 

also be formed as ribs that extend across substantially the entire width of the film, or as two 
dimensional structures that have reflective sur&ces arranged to reflect in directions 
parallel to more than one dispersion plane. 

Another type of screen layer 520 is illustrated in FIG. SB. Here, the substrate 502 

IS and the structures 504 are the same as in the first dispersing layer 500. A layer of bulk 
difiuser 522 is positioned at the bottom of the valleys between structures 504, over the 
dear areas 508. A top layer 524 of hi^ refiactive index material is positioned over the 
structures 504 and bulk difiuser layer 522. In another embodiment (not illustrated) the 
dmsity of diffiising partides may be graded so that there is less diffusion dose to the top of 

20 the structures and there is increased diffiision dose to the structure bases. Also, the density 
of diffusing partides may be graded to produce increased diffusion close to the top of the 
structures and less diffiision dose to the structure bases. 

A disper^ng layer 500 was manufacrtured by forming the structures 504 as rib-like 
structures across a polycarbonate substrate film (D£6»2 manu&ctured by Bayer) using a 

25 cast and cure method, to produce the article shown in FIG. 5C. The structures 504 were 

formed fi-om a UV cured urethane-acrylate resin (photomer 6010) that cured to a refi^tive 
index of about 1.51. The resin was mixed with carbon black to a level of about 1500 ppm 
by weight. The structures were formed with a pitch of about 100 ^im: the base of each 
structure 604 had a width of 80 |im, and the clear area 608 had a width of 20 |xm. The 

30 apex angle, also known as inclusion angle, of each structure 604 was 30°, and the height 
was about ISO ^m. 
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The high refractive index layer 506 was formed by planarizing using a bead-loaded 
resin. The resin was a UV curable, brominated aciylate blend with a cured refractive index 
of 1.59, and was loaded with aciylate-polystyrene beads to provide isotropic di£Eu^on. The 
average bead diameter was about 5 ^m, and the bead refiticttve index was 1.54. A release 
liner was in place during the planarization and curing. The finished article was as the 
dispersing layer 500 shown in FIG. 5 A. Different bead loading levels of 0%, 3%, 7% and 
15% by weight were used to add different amounts of isotropic scattering. 

Light incident on the interfaces between the high refractive index layer 506 and the 
structures 504 is largely totally internally reflected, since the angle of incidence on the 
interfiice is greater than the critical angle, 9©, given by = sin (thJi^h) where nL is the 
refractive index of the structure 504 and nH is the refractive index of the high ind^ layer 
506. However^ some of the absorbing particles may be present at the interfaces between 
the structures 504 and the high index layer 506, which may prevent total internal reflection 
from taking place. Accordingly, a large fraction of the light incidmt on the interfaces 
between the between the structures 504 and the high ind^ layer 506 may be totally 
internally reflected, whUe a small fiiaction of the light is not totally internally reflected^ and 
may be partially reflected or absorbed. Light reflected from the inter&ces is r^enred to as 
being internally reflected. Internal reflection arises predominantly from the inter&ce 
between two dielectric materials. 

The hori2X)ntal and vertical gain of the light disp^ing layer 500 are shown in FIGs. 

6A and 6B respectively, for collimated light inddmt on the input face of tiie light 

dispersing layer 500 at normal inddence. In FIG. 6A, the top curves 602 and 604 show the 
gain in the horizontal direction where the bead loading was 0%. The other curves 606, 608 
and 610 re^ectively show the horizontal gain for bead loading of 3?^, 7% and 15%. It can 
be seen that there is a dip in the gain at about 20^ for all values of isotropic scattering, 
while there is an off-center peak at about 40°. This peak is caused by light that is internally 
reflected by the structures 504, and corresponds to light emitted in the direction "B" shown 
in FIG. 4B. The dip and off-center peak are particulariy noticeable at low values of bead 
loading, and are normally deleterious to the operation of the screen. The viewer's 
preference is typically for the screen brightness to &11 off continuously as angle of viewing 
is increased from normal inddence viewing, rather to fall to a low value and then rise again 
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as the angle increases. It was also found that the amount of ligjKt transmitted by the 
dispersing layer 600 was not significantly affected by the degree of bead loading: the 
transmission with 0% loading was less than 10% greater than the transmission when the 
loading was 15%. 

The equivalent set of vertical gain curves is shown in FIG. 6B, where curves 622, 
624, 626, 628 and 630 correspond to horizontal gain curves 602, 604, 606, 608 and 610 
respectively. The vertical gain is reduced, and the vertical viewing angle is increased, as the 
amount of isotropic scattering is increased, with the result that the vertical viewing angle is 
at its highest when the horizontal gain curve is at its smoothest. It will be appreciated that 
the dispersing layer 500 suffers from a problem similar to that of the screen 400 in that a 
high degree of isotropic scattering is required to ensure that the horizontal gain is smooth. 
However, since this screen uses bulk diffiision^ rather than sur&ce scattering, this 
embodnnent has advantages of reduced speckle and color separation compared to the 
screen 400, and it can be laminated to another layer without its light scattering 
characteristic bemg adversely afiected. 

A number of approadies may be used to reduce the formation of the dip and the 
off-center peak in the g^n of a screen that uses internally reflecting structures for 
dispersing light. Some of these approaches use reflecting structures that present reflecting 
surfaces lying at more than one ang^e to an axis passing through the screen. For example, 
different structures may have different apex angles, or a single structure may have a faceted 

reflecting surface or a curved reflecting surface. 

One particular embodiment of an internally-reflecting, dispersing layer 700 is 
illustrated in FIG. 7 A. Light absorbing structures 704 made from a low refractive index 
material are positioned on a surface of a substrate 702. The structures 704 are ov«xx)ated 
with a high refractive index layer 706 that may be loaded with difiusive beads to provide 
dispersion in both the horizontal and vertical directions. Open areas 708 lie between the 
bases of the structures 704. The internally reflecting sur&ces 710 of the stroctures are not 
straight, as in previously described mbodiments. Instead, the surfaces 710 are curved. As 
a result, and ignoring any isotropic dispmion for the moment^ the light that is internally 
reflected by the structures 704 passes through the open areas 708 in a range of diff^oit 
directions. This contrasts with the embodiment illustrated, for example in FIG. 4A, in 
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whidi the internally reflected light passes through the clear portions 416 in a single 
direction, resulting in the large off-center gain peak. 

This is illustrated in FIG. 7B, which shows coUimated light 712 entering the vall^ 
between two adjacent structures 704. The structure surfaces 710 in this example have a 

5 parabolic shape, but any suitable curve may be used for the surfaces. The portion of the 

light that is incident on the top portion of the structure 704 is r^ected at a highly glancing 
angle, and so is deviated through a relatively small angle and emei^es from the substrate 
702 at an angle of al , The surface 710 dose to the base 714 of the structure 704 lies at a 
laiger angle relative to the direction of the incoming light than at the top of the structure 

10 704, and so the light incident on the surface 710 close to the base 714 is reflected at a 
larger angle, and emerges from the substrate 702 at an angle oc2 > al . Therefore, even 
without considering isotropic dispersion &om a bulk difiEuser, the internally reflected light 
emerges firom the dispersing layer 700 over a range of angles, and the ofi^center gain peak 
may be reduced. Isotropic disperi^on from, for example, dispersing beads disposed within 

IS tiie high refractive mdex layer 706, may be used to disperse the emerging liglit fiirth^. 
Since the curved surfaces 710 disperse the emerging light over a range of angles, the 
d^ree of dispersion required of the difiuser to smooth out the off-center peak and remove 
the dip is reduced. Ther^ore, there is less need to compromise on the value of the vertical 
viewing angle. 

20 Another particular embodiment is illustrated in FIG. 8A. Here, the dispersing layer 

800 is formed from li^t absorbing, internally reflecting structures 804 positioned on a 
surfece of a substrate 802. The valleys between adjacent structures 804 are filled with a 
high refractive index material 806, and clear areas 808 lie between the bases 812 of the 
structures 804, The internally reflecting surface 810 of the structure 804 includes two or 

25 more rectilinear portions, or &cets, lying at different angles to each other. In the particular 
example illustrated, the surface 810 is formed from three rectilinear portions 810a, 810b 
and 810c. The angle of incidence of light on the rectilinear portions 810a, 810b, 810c 
increases for the portions increasingly closer to the structure base. Accordingly, the 
internally reflected light emerges fi-om the substrate 802 over a range of angles, even 

30 without any bulk difEusion or other isotropic dispersion. Therefore, a structure haiong a 
surface 810 with rectilinear portions may be formed to spread the light horizontally over a 
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range of angles, and thus reduce the effect of both the dip and the ofif-center peak on the 
horizontal gain profile. Accordingly, the requirement to provide isotropic dispersion is 
reduced in this embodiment and, therefore, there is less need to compromise on the value of 
the vertical viewing angle. 

In this particular embodiment and the like, the angle of each facet can be chosen 
so that the undeflected and internally reflected light emerges from the high refractive 
index material at equally spaced or progressively increasing angles. Furthermore^ the 
l^gth of each facet may be selected so that the amount of light emerging at the different 
angles is equal, is progressively smaller for increasing emez]^ng angles, or has some 
otfier selected characteristic. This embodimrat permits the gain profile to substantially 
^minate dips and off-cent^ peaks when an appropriate diffuser is provided between the 
bases 812, or throughout the high index material 806. 

This is further illustrated in FIG. 8B which shows, in schematic form, the 
reflecting surfaces 820a and 820b formed by a structure 810 having two facets. The 
figure shows the paths taken by three rays of light 822, 824 and 826 incidmt at different 
points on the reflecting surfaces 820a and 820b. The horizontal extent of each of the 
reflecting surfaces 820a and 820b is respectively wl and w2. The values of wl and w2 
may be equal, or may be set to be different, so that each reflecting surface 820a and 
820b intercepts a differrat amount of the incidrat light. 

The first ray 822 is incident on the top edge of the upper reflecting surface 820a, 
and passes through the lower surface 828 of the high index material 806 at an angle pi. 
The second ray 824 is incident close to the bottom edge of the upper reflecting surface 
820a, and reflects off the upp^ reflecting surface 820a onto the lower reflecting surface 
820b, and off the lower reflecting surface 820b through the lower surface 828 of the 
high index material 806 where it emerges with an angle 02 which is greater than pi. 
Hie third ray 826 is directly incident on the lower reflecting surface 820b, off whidi it 
reflects to emerge through the lower surface 828 of the high index material 806 at an 
angle p3 which is greater than P3. 

Light may, of course, pass through the screen 800 undeflected. Therefore, a 
film with structures having only two facets may, without considering the effects of a 
diffuser or scatterer, produce light that emerges in four different directions. A diffuser 
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or scatteier may be used to spread the light at each of these directions so as to reduce the 
off-axis pealcs and to remove the gain dips. 

An important advantage provided by the embodiments shown in FIGs. 7A and 
8A is that light is effectively focused by Ae structures, so that the width of the clear 
space between adjacoit structures may be reduced. Thus the clear area on the screen is 
reduced while the black area on the screen is increased, and so the overall screen 
contrast may be increased wi Aout a reduction in overall transmission or viewing angle. 

The slope of the structures need not be highest at the top of the structure and 
lowest close to the structure base. Instead, the slope of the structure, i.e. the angle of its 
surface relative to the substrate^ or the structure base, may be less for the structure sui&ce 
closer to the top of the structure, and may be higher for the surface closer to the structure 
base. 

Another particular embodiment is illustrated in FIG. 9, in which a number of light 
absorbing, internally reflecting structures 904 are provided on a substrate 902. The valleys 
between adjacent structures 904 are filled with a high refiractive ind^ mat^al 906, and 
dear areas 908 lie between the bases 912 of the structures 904. The structures may have 
flat reflecting surfaces 910, although the surfaces 910 may also be curved or contain 
rectilinear portions. Different apex angles are used for diflSsrent structures. For example, 
the apex angles of the structures 904a, 904b, 904c and 904d are all different The portion 
of the off-center gain peak and the gain dip are dependent on the apex angle of the 
internally reflecting structure. Accordingly, since the dispersing layer 900 has structures 
904 having dLSerent apex angles, the internally reflected light emerges from the substrate 
902 over a range of directions, if isotropic dispersion is ignored. Thus, the deleterious 
effects of the off-center gain peak and dip may be reduced and the requirement to provide 
isotropic dispersion is reduced in this embodiment Therefore, there is less need to 
compromise on the value of the vertical viewing angle. 

Unlike the embodiments illustrated in FIGs. 7A and 8 A, the reflecting surface of 
each structure 908 presents only one angle to incident light, and so the light emerges from 
that structure only at one angle. However, the structures 908 may be made to be 
sufiBdently smaD that a viewer's eye perceives light from a single pixel that has a dimension 
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sufiSciently large to cover sev«^ structures having different apex angles, thus, the 
integrated effect is that light emerges from each pixel over a range of angles. 

An increased apex angle results in the lig^t reflected at the top of the structure 904 
being displaced by a greater distance from the structure base as the light passes through the 
interface between the high index layer 906 and the substrate 902. Accordingly, the vddth, 
d, of the clear space 908 between a pair of adjacent structures 904 is preferably selected to 
permit the light reflected from the top of the structure 908 to pass through without a 
second reflection. Thus, the separation between structures 904c and 904d is selected to 
permit rays 914 and 916 to pass through the clear area 908a therebetween. Second internal 
reflections may be problematic because the angle of incidence on the reflecting surface 910 
is greater than the first reflection, and so the second bounce onto a reflecting sur&ce may 
be at an angle smaller than the critical angle, resulting in absorption losses. Furthermore, a 
second internal reflection increases the path Imgth within the high index material layer 906 
which may result in further losses if the layer 9*06 is loaded with diffusing particles. 

On the other hand, since the contrast of the screen is dependent on the fractional 
area of the absorbing bases on the screen's viewing sur&ce, the contrast of the screen may 
be increased if the structures are placed closer together. Accordingly, the pitch between 
adjacent structures may be varied m accordance with the aspect ratio of the structures. For 
those structures having an aspect ratio which results in the light intercepting the dear area 
close to the structure base, for example structures having a smaller apex angle;, then the 
inter-stnicture spacing may be reduced. Also, where the structure aspect ratio results in the 
light intercepting the clear area further from the structure base, for example structures 
having a larger apex angle, then the inter-structure spacing may be increased. 

The Lnter-structure spacing, or pitch, may be selected to be constant, or may vary 
between different structures. For example, the inter-structure spadng for different 
structures may be randomized. A film having a randomized inter-structure spacing may 
have structure apex angles selected according to the randomized spacing to optimize light 
transmission through the film. 

This embodiment may be use&l for reducing Moire patterns, since the pattern of 
structures 904 has no fixed period. A Moiri pattern is an interfermce pattern that is 
generated as result of sampling frequency (the screen pitch) being less than twice the 
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frequency of the pattern bdng displayed (for example the pitch of the imager which is 
related to the pixel size). Another mechanism for generating Moire patterns is when the 
sampling frequency (screen pitds) and the imi^e frequences are very close to each other 
and as a result they beat against each other. One way to eliminate a Moir6 pattmi, or at 
S least make it less viewable, is to reduce the pitch of the screen so that the screen frequency 
is much more than the pixd frequency. Therefore, the Moire pattern may be reduced 
where the period of the structure spacing is selected to be less than the size of the pbcd. 
Also, the Moir^ pattern may be reduced where the spacing between different structures is 
different, for example randomized, 
10 Another embodiment is illustrated in FIG. 10, The dispersmg layer 1000 includes 

internally reflecting structures 1004 positioned on a surface of a substrate 1002, The 
structures 1004 are formed from a material having a relatively low refractive index, and a 
layer 1006 of relatively ln0t refractive index fills the valleys between the structures 1004. 
The base pordon 1005 of each structure 1004 contains light absorbing material to enhance 
IS the contrast provided by the di^ersing layer 1000. The reminder of each structure 1004 
need not contain light absorbing material. 

The li^t dispersing layer 1000 may also be provided with a Fresnd lens to 
collimate light from the image light source so as to be parallel to an axis between the image 
light source and the screen, or at least to partially redirect the light propagating between the 
20 image light source and the light dispersing layer. A first sur&ce Fresnd Ions may be used, 
but this approach suffers from the problems described earlier. 

Another approach, using an embedded Fresnel lens is illustrated in FIG. 10. 
Embedded Fresnel lenses are discussed more fully in U.S. Patent Application Serial No. 
09/229198, filed on January 13, 1999 and which is mcorporated herein by reference. An 
25 embedded Fresnel lens is formed fi^m a material having a relative high refractive index, and 
is embedded in a material of relatively low refractive index to permit refraction at the 
output surface of the Fresnel lens to substantially collimate or redu^ect the light. Therefore, 
this embodiment includes a layer 1020 of a material having a relatively low refractive index 
disposed above the high refractive index layer 1006. A Fresnel lens 1022 is disposed above 
30 the low index material layer 1020, with the ^r&ce 1024 of the Fresnel lens embedded in 
the low index material layer 1020. 
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A Fresnd lens having a second sur&ce in air may be used with the present 
invention. Such Fresnel lenses typically suffer from a problem of ghost images that arise 
from off*axis reflections of light, as is described U.S. Patent Application Serial No. 
09/229198. One particular advantage provided by the present invention is that the ofif-axis 

5 ghost image light may be incident on the structures at an angle below the critical angle, in 
which case the ghost image is absorbed, as illustrated in FIG. 21 A. Stray light 21 10 is 
incident on a structure 2104 at an angle less than the critical angle, and so a portion of the 
light passes into the structure 2104 where it is absorbed. The structure 2104 is drawn 
shaded in order to show passage of the light into the structure 21 04. A portion of the li^t 

10 2110 may be reflected as ray 2122, and be ftirther incident on another structure 2104a, 

where another portion is absorbed. Thus, the structures may be used to absorb stray light 
entering the input side of the screen. 

Anoth^ advantage is that the ghost nnage may be reflected back out of the screen 
through the input &ce, so that the ghost image never passes out to the viewer. This is 

IS illustrated in FIG. 21B, which shows stray light 2 120 reflecting multiple times between two 
structures 2104, and being directed aw^ from the viewer's side of the screen so that h 
does not pass out through the clear space 2108 between the structures 2104. Thus, the 
stmctures may also be used to redirect stray light that enters the input side of the screen. 

Therefore, the present invention may be used to remove the ghost image that results 

20 from the use of a Fresnel lens, and may also be useful at reducing the amount of stray light 
that passes from the input side of a screen to the viewer's side of the screen. 

It should be appreciated that Fresnel lenses, including first sur&ce, and second 
surfiice Fresnel lenses, both embedded Fresnel lenses and Fresnel lenses with the second 
sur&ce in air, may be used v/ith the other embodiments described herein. 

25 The reflecting, Bght absorbing structures may be arranged in different geometrical 

patterns, and may also be shaped to disperse light in more than one direction. Consid^ 
first the arrangement illustrated in FIG. 1 1, which is a perspective view of the embodiment 
illustrated in FIG. 6 A, without the layer of high index material for clarity. The structures 
604 are arranged in parallel, forming a rib-like arrangement, and are shaped for disper^g 

30 light in the x-direction only. For example, light ray 1 102 passes through the substrate 
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mthout being deviated , while ray 1 104 reflects off the surface 610 and propagates within 
the x*z plane with a direction component parallel to the x-axis. 

The structures 604 need not be straight, and could be curved to direct light into 
desired directions. 

5 Another embodiment is illustrated in FIG. 12, where a substrate 1202 has structures 

1204 positioned on one surface 1206. A layer of high refractive index material may be 
disposed over the structures 1204 and the substrate, but this is not shown in order to 
simplify the illustration. There are clear areas 120S between the structures 1204, where the 
Ught reflected by the structures 1204 passes into the substrate 1202. The structures 1204 

10 are shaped to disperse light in two cUrections, namely within the x-z plane and within the y- 
z plane, i.e. so that the light travels with an x-direction componmt and a y-direction 
component respectively. Light ray 1210 is directly incident on a clear area 1208 and passes 
into the substrate without reflection. Light ray 1212 reflects off one of the faces 1216 
fadng the x-direction, and emerges from the substrate 1202 travelling in the x-z plane, with 

15 a direction component parallel to the x-axis. Light ray 1214 reflects of one of the &ces 
1218 fadng the y-direction, and emerges from the substrate 1202 travelling in the y-z 
plane, with a direction component parallel to the y-axis. Ther^ore, the structures may be 
shaped to have reflecting faces oriented to reflect light along both the x- and y-directions. 
The angle of the frices in one direction may be different from the angle of the feces 

20 in the other direction, to provide difierent amounts of dispersion in the x- and y- directions. 
For example, the structures 1 104 may be pyramidal in shape, and have different sets of 
angles for dispersing in the x and y directions. This is illustrated in FIGs. 13 A and 13B. 
Fig. 13 A illustrates a cross-section through the dispersing layer 1200 paralld to the x-axis. 
The three structures 1204 may be provided with three different apex angles 0u, 62*, and 

25 Osx, in a manner similar to that described above with regard to FIG. 9 to reduce the effects 
of the off-center peak and the gain dip. Likewise, the structures may be provided with 
different apex angles for dispersing the light in the y-direction. FIG. 13B illustrates a cross- 
section through the dispersing layer 1200 parallel to the y-axis. The structures 1204 may 
be provided with different apex angles Giy, Giy, 63;^ 64y» and Bsy for redudng the effects of 

30 the off-cent^ peak and the gain dip. It will^ of course, be appreciated, that the structures 
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1204 may also be provided with curved reflecting sur&ces, or with reflecting surfaces 
having rectilinear portions, for reducing the efifects of the off-center peak and the gain dip. 

The stnictures 1204 in FIG. 12 are positioned so as to provide a clear area 1208 
that has a "checkered*" pattern, of stripes in the x- and y-directions. The positions of the 
structures may be different, resulting in a different pattem of clear area. For example, in 
FIG. 14, the structures 1404 are arranged on the substrate 1402 so that the comers of thrir 
bases touch. This results in a pattem of clear areas 1408 that resembles a checkerboard, 
and may provide an advantage of increasing the contrast of the screen without reducing the 
net throughput of light from the image light source. It should be appredated that other 
spatial arrangements of structures may be used. 

It will be appreciated that two dimen^onal structures, having shapes other than 
those shown in FIGs. 12 and 14 may be employed. For example, the structures may be 
formed to have rectangular bases, or bases having some other four sided shape usefiil 
Additionally, the structures may be formed having bases with other numbers of sides, 
including three, five, six, and so on. 

Another embodiment of a light dispersing layer is illustrated in FIG. IS. Hie 
dispersing layer 1500 is formed from light absorbing, internally reflecting structures 1504 
positioned on a sur&ce of a substrate 1502. The valleys between adjacent structures 1504 
are filled with a high refractive index material 1506, and clear areas 1508 lie between the 
bases 1512 of the structures 1504. The internally reflecting surface 1510 of the structure 
^ 1 504 may be straight. The. coating of high refractive index material . 1 506 includes layers 
1506a, 1506b and 1506c of increasing refractive index, which serve to spread the reflected 
light out over more than one direction and to focus the light, thus permitting the size of the 
clear area between adjacent structures 1504 to be reduced, thus increasing the screen 
contrast. 

The first ligjit ray 1514 is reflected fi-om the reflecting surface 1510 within the first 
high index layer 1506a. The ray 1514 is refracted towards a direction parallel to the screen 
axis 1520 on passing into the second high index layer 1506b which has a higher refi-active 
index than the first high index layer 1506a, The first light ray 1514 is further rrfracted 
towards the screen axis 1520 on passing into the third high index layer 1506c befi>re 
passing into the substrate 1502. 
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The second light ray 1S16 is reflected from the reflecting sur&ce ISIO within the 
second high index layer 1506b. The ray 1516 is refracted towards a direction parallel to the 
screen axis 1520 on passing into the third high index layer 1506c which has a higher 
refractive index than the second high index layer 1506b. The second ray 15 16 then passes 

5 into the substrate 1 502. 

The third light ray 1518 is reflected from the reflecting surface 1510 within the third 
high index payer 1506c and imdergoes no fiirther refraction within the high index layer 
1506 before entering the substrate 1502. The third light ray 15 18 emerges from the 
substrate 1 502 at a higher angle than the second light ray 1516 since the tlurd light ray was 

10 not refracted within the high index layer 1506. Also» the second light ray 1516 emerges 
from the substrate at a higher angle than the first light ray 1514, since it undergoes fewer 
refractions than the first ray 1514. 

Thus, a layered high index material 1506 may be used to spread the light reflected 
from a structure 1504 having straiglit reflecting surfaces, thus reducing the ofF-axis gain 

15 peak and gain dip. The layered high index material may, of course, also be used with 

reflecting structures having &ceted, or curved reflecting surfaces. Furthermore, ^nce the 
effect of the layered high index material 1 506 is to direct light towards the screen axis 
1520, the spacing between structure bases 1512 may be reduced, with a concomitant 
increase in screen contrast. 

20 A layered high index material may be used where the refractive index decrease 

from top to bottom, rather than increasing from top to bottom. Such a layered high index 
layer will also have the effect of increasing the angular range of light reflected from a flat 
reflecting surface. However, such a layer will tend to defocus light, rather than focus the 
light as it propagated though the layer, and so the reflecting structures may need to be 

25 spread further apart to avoid second reflections from adjacent stnictures, and so the 
contrast may be reduced. 

It should be appreciated that a high index material having a refractive index that is 
graded from top to bottom operates in a manner similar to the layered high refi^ive index 
material. Thus, the layered high index material of the film 1 500 may be replaced by a 

30 graded high index layer. 
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Since the present invention is particularly useful for reducing the interdependence of 
the horizontal and vertical viewing angles, a surface scatterer may be used for dispersing 
light in the vertical dispersion plane. One example is shown in FIG. 16, which illustrates a 
film 1600 having a substrate with structures 1604 on an upper substrate sur&ce, separated 
by clear areas 1608. An overcoat 1606 of high re&active index material cov^ the 
structures 1604 and the clear areas 1608. The interface 1614 b^ween the overcoat 1606 
and the substrate 1602, at the clear areas 1608 between the stmcture bases 1612, may be 
stmctured to optically scatter the U^t passing through the dear areas 1 608^ where there is 
a refractive index difference between the overcoat 1606 and the substrate. For ^cample, 
the interface 1614 may be have a random matte surface that scatters light isotropically» or 
may have a surface that scatters light a^mmetrically, such as a microstructured or 
microholographic interface. One example of a method of forming a surface scatterer is to 
form a scattering surface on the substrate 1602 prior to formation of the structures 1604. 
If the structures 1604 are then formed on the substrate 1602 to have a refractive index that 
closely matches that of the substrate, then index matching will effectively remove the 
scatterer at the bases of the structures 1604, leaving surface scatterer only at the clear areas 
1608 between the structure bases. An advantage of this approadi is that ambient light 
entering the substrate from the viewer's dde is not scattered before entering the absorbing 
bases 1612. 

Another example of using a surface scatterer is illustrated in FIG. 17, which shows 
a film 1700 vwth low refractive index structures 1704 on a substrate 1702, with an overcoat 
1706 of high index material covering the structures 1704 and the clear areas 1708 between 
the structure bases 1712. The lower surface 1714 of the substrate 1702 may be structured 
to optically scatter the light that emerges from the substrate 1702. For example, the lower 
surface 1714 may be have a random matte surface that scatters light isotropically, or may 
have a surface that scatters light asymmetricaUy, such as a microstructured or 
microholographic surface. 

One particular example of a microstructured sur&ce being used at the open areas is 
illustrated in FIG. 22. Here, structures 2204 of light absorbing, low refractive mdex 
material are disposed over a substrate 2202. A coating of relatively high refractive index 
2206 overlies the structures 2204 and the open areas 2208 between the structures 2204. 
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Refractive stmctures 221 0 are disposed in the upper portion of the substrate 2202, at the 
open areas 2208, to refract the Kght passing through the open areas. The refractive 
structures 2210 may be, for example, Iraticular lenses embedded in the substrate. The 
refractive structures 2210 may also be shaped as lenslets that divCTge light in more than one 
5 dispersion plane. A lenslet refractive structure 2210 may be used, for example, to disperse 
light in a horizontal disper^on plane, in the same direction as the reflective dispersion 
resulting from the structures 2204, as well as to disperse light in a vertical dispersion plane. 

Another embodiment of a light dispersing layer 1800 is illustrated in FIG. 18, in 
which the shape of the internally reflecting structures changes as a function of distance from 
10 the center of tiie SCTeen. Here, a source 1820 directs image lig^t towards a light dispersing 
layer 1800 having number of structures 1804 of low refractive index material embedded 
vnthin a layer 1806 of high refractive index material. The structures 1804 may also include 
ligiht absorbing material to provide contrast to the screen. 

The structures 1804 may be shaped to reduce the divergence of light emerging from 
IS the screen. The structures 1804 may be formed as ribs, as off-set pyramids, or may also be 
formed in a radially symmetrical design, as rings around the center of the screen. 

The difference in refiractive indm between the structures 1804 and the high index 
layer 1806 is selected so that light incidait on the structures 1804 undergoes total internal 
reflection, and is consequently directed through the open spaces 1808 between the 
20 structures 1804. In one embodiment, described with reference to FIG* 19, the structures 

are set with the leading edge 1804a at and angle, 9t, of S*'. The trailing edge 1804b may be 
set to be parallel to the ray just clearing the top of the structure 1804 on the way through 
the high index layer 1806. At this angle, no light is internally reflected in a direction away 
from the center of the screen, and so the overaU divergence of light from the screen is 
25 reduced. 

The spacing between structures 1804 is preferably smaller than a screen pixel size in 
order to maintain high screen resolution. Minimizing the total area of the open space 1808 
increases screen contrast, because more light absorbing area is presented to the viewing 
side of the screen. However, if the structures 1804 are set too closely together, then light 
30 reflected off the leading edge 1 804a of one structure 1 804 may be reflected into the trailing 
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edge 1804b of the adjacent structure 1804, resulting in a loss of light. Accordingly, there is 
a trade-ofif between screen transmission and screen contrast. 

Another method of manufacturing a film of the present invention is des^ibed with 
reference to FIGs. 20A - 20C. First, a grooved fibn 2000, as illustrated in FIG. 20A, is 
5 formed from a material having a relative high refractive index. The fibn 2000 may be 
formed using a cast and cure process. Curing may be thermal or optical. The grooves 
2002 on the lower side of the film 2000 are separated by flat surfaces 2004, also known as 
land 

The flat surfaces 2002 are coated with a layer of difiuser 2006, which may be a bulk 
10 difiuser similar to that described above, to produce the unfinished article illustrated in FIG. 
20B. The difiuser 2006 may be coated onto the flat surfaces 2002 using a printing process, 
for ^cample lithognq>hic or letter press or ofif-set printing. 

Once the difKiser 2006 has been applied, the grooves 2002 are filled, typically in a 
planarization process, with a material of a relatively low refractive index to form low index 
1 5 structures 2008, as shown in FIG. 20C. A thin layer 2010 of the low index material, 

loaded with absorbing material, may be left at the flat sur&ces 2004 to create a thin land of 
low index material. 

A method for numufacturing another embodiment of a reflectively dispersing screen 
film is illustrated in FIG. 23. The first step is to form a number of structures 2304 on a 

20 substrate 2302, for example using a cast and cure process as described above, to produce 

the film shown at Step 1. Next, an overcoating of a removable material is Jaid over the 

structures 2304 and the substrate 2302. The removable material may be a polymer, such as 
a photoresist or another polymer that is removable in a controlled manner, for example 
using a wet etchback, laser ablation, or a dry etch. Examples of additional etchback 

25 processes for removing a polymer are discussed in U.S. Patent Application Serial No. 

08/999,287, which is incorporated herein reference. The removable material may then be 
removed in a controlled manner to leave only portions 2310 at the bottom of the valleys 
between adjacent structures 2304, covering the clear areas 2308, as shown at Step 2&3. 
A metal coating 2312 may then be cUsposed over the film 2300, for example by 

30 vacuum coating. The metal may be aluminum, or any other metal with siutable reflection 
characteristics for the particular application. The resulting film is shown at Step 4. 
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The remaining removable material 23 10 may then be removed, for example in a lift- 
off process. For example, if the removable material is a photoresist, then the remaining 
photoresist pordons may be rmoved in a sodium hydroxide bath or spray. For oth^ types 
of removable material, the remaining portions 23 10 may be removed u^ng a suitable 
5 solvent. An overcoat layer 2334 may then be disposed over the metalized structures 2304 
and the open areas 230S, for example using a planarization process. The resulting film 
2330 is illustrated at Step 5, with metalized portions 2332 coated on the structures 2304. 

Metalized coatings, such as illustrated in FIG. 23, may be used with any of the other 
embodiments discussed above, where applicable, and also with different combinations of 
10 embodiments. 

While various examples were provided above, the present invention is not limited to 
the specifics of the illustrated embodiments. For example, while many embodiments were 
described with a substrate layer, the internally reflecting structures may be embedded within 
the lugh refi:active index layer, without a substrate layer. On the other hand, the int^nally 
IS reflecting, light dispersing layer may be but one of a tiumber of layers used in a rear 

projection screen. Furthmnore, it will be appreciated that light may undergo more than 
one int^al reflection on passing through the fihn, for example light may be reflected off a 
first structure to a second structure, and may reflect off the second structure before passing 
through the clear area between structures. Where the refiractive index difference between 
20 the stnictures and the high index layer is sufficiently high, the second reflection may be a 

total internal reflection. Furthermore, internal reflection may take place at the inter&ce 

between the high index material and the structure at angles less than the critical angle, 
particularly where light has been diffusely scattered before reaching the intoiace. In such a 
case, a large fraction of the light may still be reflected, even though total internal reflection 
25 does not take place. 

It will be appreciated that the structures present in a film need not all be formed to 
have the same hei^t. It will also be appreciated that the outer surfaces of the ligjit 
dispersing layer and/or the screen may be treated with additional coatings for protection 
against physical damage, such as hard coatings and anti-smudge coatings. In addition, 
30 antireflection coatings may be provided on the Outer sur&ces to reduce reflective losses. 
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It mil further be appreciated that reflectively dispersing screen films may be formed 
that include various combinations of the approaches presented above. For example, an 
internally reflecting screen may be formed using faceted structures with different inter- 
structure spacings between different adjacent structure pairs. Also, a metalized coating 
may be formed on a structure having a curved reflecting sur&ce. 

As noted above, the present invention is applicable to display systems as a lig^t 
dispersing film. It is believed to be particularly useful in back projection displays and 
screens. Accordingly, the present invention should not be considered limited to the 
particular examples described above, but rather should be understood to cover all aspects 
of the invention as &irly set out in the attached claims. Various modifications, equivalent 
processes, as well as numerous structures to which the present invention may be applicable 
will be readily apparent to those of skill in the art to which the present invention is directed 
upon review of the present spedfication. The claims are intended to cover such 
modifications and devices. 
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WE CLAIM: 

1 . A light dispersing film for a rear projection screen, compridng: 

a first layer formed fi-om a first material having a first refitictive index, the 
first layer having first and second opposing ades and an optical axis normal to the 
first side, 

the first layer including structures formed from a second material having a 
second refractive index smaller than the first refractive index, the structures having 
bases at the second side with one or more side walls extending towards the first 
side, first internal reflecting surfaces being formed by interfaces between the first 
and second materials, the structure bases including a light absorbing material, 
optically transmitting areas of the second side being defined between the structure 
bases, 

the first internally reflecting sur&ces fisrming reflecting units that 
asymmetrically disperse light through respective optically transmittmg areas, the 
first reflecting surfaces forming surfaces disposed at at least two angles relative to 
the optical axis. 

2. A film as recited in claim 1, wherein at least a portion of one of the first 
internally reflecting surfaces is curved. 

3. A film as redted in claim 2, wherein the curved portion of the one of the 
first internally reflecting surfaces is paraboloidal. 

4. A film as redted in claim 1, wherdn at least one of the first internally 
reflecting surfeces indudes two or more rectilinear portions disposed at diflferent angles 
rdative to the optical axis. 

5. A film as redted in daim 1, wherein a first separation distance between a 
first pair of adjacent structures is difFermt from a second separation distance between a 
second pair of adjacent structures. 
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6. A film as recited in claim 1, wherein an inclu^on angle is d^ned for each of 
the structures, different structures having different inclusion angles. 

7. A film as recited in claim I, wherdn the first internally reflecting surfaces 
are arranged to reflect light propagating in a direction approximately parallel to the optical 
axis within the first layer, the reflected light propagating in directions substantially parallel 
to a first dispersion plane, and the structures have second internally reflecting surfeces 
oriented to reflect light, propagating in a direction ^^proximately parallel to the optical axis 
within the first layer, in directions parallel to a second dispersion plane perpendicular to the 
first dispersion plane. 

8. A film as recited in claim 1, wherein the second material is a light absorbing 
material. 

9. A film as recited in cl^m 1, wherein the structures are formed in the first 
layer as parallel members extend'mg over substantially an entire width of the first layer, 

10. A film as recited in claim 1, wherein the first layer includes diffusing 
portions positioned proximate the optically transmitting areas of the second side. 

11. A film as recited in claim 1 0, wherein the diffusing portions include a 
scattering surface on the second side to scatter light propagating through the optically 
transmitting areas. 

12. A fibn as recited in claim 10, wherein the diffusing portions include a bulk 
diffiising portion extending fi-om the second side at least part way into the first layer. 

13. A film as recited in claim 1, wherein light diffusing particles are disposed 
throughout the first material. 

14. A film as redted in daim 1, fiirther comprising a substrate layer attached to 
the second side of the first layer. 
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15. A film as recited in claim 1, wherein the first intemaUy reflecting surfaces 
are arranged to reflect light, propagating in a direction approximately parallel to the optical 
axis within the first layer, in directions substantially paralld to a first dispersion plane, and 
at least one of the surfaces of the substrate layer is structured to disperse light in at least a 
direction parallel to a second dispersion plane perpendicular to the first dispersion plane. 

16. A fihn as recited in claim 1 , fiirther comprising a Fresnel lens disposed to 
reduce divergence of light entering the first side of the first layer. 

17. A film as recited in daim 1, fiirther comprising an image light source 
disposed to illuminate the first side of the first layer with image light. 

18. A film as recited in claim 17, wherein difierent structures are arranged with 
structure apexes directed towards the image light source 

19. A film as recited in claim 1, wherein structures disposed dose to the edge of 
the first layer are arranged with structure apexes directed away from the edge of the screen. 

20. A film as recited in claim 1, wherein at least one reflecting unit includes 
reflecting surfaces disposed to reflect light, inddent on one of the reflecting surfaces of the 
at least one reflecting unit in a direction substantially parallel to the first optical axis, more 
than once before the light parses through the optically transmitting area of the at least one 
reflecting unit 

21 . A light dispersing film for a rear projection screen, comprising: 

a first layer formed fi^om a first material having a first refi'active index, the 
first layer having first and second opposing sides and a first optical axis normal to 
the first side, 

the first layer including structures formed fix>m a second material having a 
second refiractive index smaller than the first refractive index, the structures ha>nng 
bases at the second ^de with one or more side walls extending towards the first side 
to define first reflecting surfaces, the structure bases including a light absorbing 
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material, optically transmitting areas of the second side being defined between the 
structure bases, 

the first reflecting surfaces fi^rming reflecting units that asymmetrically 
disperse light through respective optically transmitting areas, and the first reflecting 
sur&ces being disposed to reflect light to selected directions within a dispersion 
plane. 

22. A film as recited in claim 2 1 , wherein at least a portion of one of the first 
reflecting sur&ces is curved. 

23. A film as recited in claim 22, wherein the curved portion of the one of the 
first reflecting surfaces is paraboloidal. 

24. A film as recited in claim 21 , whereui at least one of the first reflecting 
surfaces includes two or more rectilinear portions disposed at diflFerent angles relative to 
the optical axis. 

25. A film as recited in claim 2 1 , wherein a first separation distance between a 
first pair of adjacent structures is different from a second separation distance between a 
second pair of adjacent structures. 

26. A film as recited in claim 21, wherein an inclusion angle is defined for each 
of the structures, difierent structures having diflferent inclusion angles. 

27. A film as redted in claim 2 1 , wherein the first reflecting surfaces are 
arranged to internally reflect light propagating in a direction approximately parallel to the 
optical axis within the first layer, the reflected Ught propagating in directions substantially 
parallel to a first disper^on plane. 

28. A film as recited in claim 27, wh^nein the structures have second reflecting 
surfaces oriented to reflect light, propagating in a direction approximately parallel to the 
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Optical axis witlun the first layer, in directions parallel to a second dispersion plane 
perpendicular to the first dispersion plane. 

29. A film as redted in claim 21, wherein the second material is a light 
absoibing material. 

30. A film as recited in claim 21, wherein the structures are formed in the first 
layer as parallel members extending over substantially an mtire width of the first layer. 

31. A fibn as recited in claim 21, wherein the first layer includes diffusing 
portions positioned at the optically transmitting areas of the second side. 

32. A film as redted in claim 3 1, wherein the diffiising portions include a 
scattering sur&ce on the second side to scatter light propagating through the optically 
transmitting areas. 



33. A film as redted in daim 31, 
diffusing portion extending fi'om the second 

34. A film as recited in claim 3 1, 
throughout the first material. 

35. A film as recited in daim 21, 
the second side of the first layer. 



wherein the diffusing portions include a bulk 
side at least part way into the first layer. 

wherdn light diffusing particles are disposed 
further comprising a substrate layer attached to 



36. A film as redted in daim 35, wherdn the first reflecting surfaces are 
arranged to reflect li^, propagating in a direction approximately paralld to the optical axis 
mthin the first layer, in directions substantially parallel to a first disperdon plane, and at 
least one of the surfaces of the substrate layer is structured to disperse light in at least a 
direction parallel to a second dispersion plane perpendicular to the first dispersion plane. 

37. A film as recited in claim 21, further compris'uig a Fresnd lens disposed to 
reduce divergence of light entering the first side of the first layer. 
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38. A film as recited in claim 21, further comprising an image light source 
disposed to illuminate the first side of the first layer with image light. 

39. A film as redted in claim 21, wherein difiEerent structures are arranged with 
structure apexes directed in different directions. 

40. A light dispersing film for a rear projection screen, comprising: 

a first layer formed fi'om a first material having a first refiractive index, the 
first layer having first and second opposing sides and a first optical axis normal to 
the first side, 

the first layer including structures formed fi'om a secdnd material having a 
second reflective index smaller than the first refi-active index, the structures having 
bases at the second side with one or more side walls extending towards the first side 
to define first reflecting surfaces, the structure bases including a light absorbing 
material, optically transmitting areas of the second side being defined between the 
structure bases, 

the first reflecting surfaces fomung surfaces disposed at two or more angles 
relative to the optical axis, and 

wherein all light reflected by the first reflecting sur&ces is reflected at 
didectric-didectric interfaces. 

41. A fihn as recited in claim 40, \^erein at least one of the first reflecting 
sur&ces is curved. 

42. A film as recited in claim 40, wherein at least one of the first reflecting 
sur&ces indudes two or more rectilinear portions disposed at different angles relative to 
the optica] axis. 

43. A film as redted in claim 40, wherein a first separation distance between a 
first pair of adjacent structures is different from a second separation distance between a 
second pair of adjacent structures. 
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44. A film as redted in cldm 40, wherein an inclusion angle is defined for each 
of the structures, different structures having different inclusion angles. 

45. A film as recited in claim 40, wherein the second material is a li^ 
absorbing material. 

46. A film as recited in claim 40, wherein the structures are formed in the first 
layer as parallel members extending over substantially an entire width of the first layer. 

47. A film as redted in claim 40, wherein the first layer includes difiusing 
portions pointioned proximate the optically transmitting areas of the second side. 

48. A film as redted in claim 47, wherein the difiusing portions include a 
scattering sut&ce on the second side to scatter light propagating through the optically 
transmitting areas. 

49. A film as redted in claim 47, wherein the difiusing portions include a bulk 
diffusing portion extending firom the second side at least part way into the first layer. 

50. A film as recited in daim 40, wherein light diffiising particles are disposed 
throughout the first material. 

51. A fihn as recited in daim 40, further comprising a substrate layer attached to 
the second side of the first layer 

52. A film as recited in daim 40, wherein the first reflecting surfaces are 
arranged to reflect light, propagating in a direction approximatdy parallel to the optical axis 
within the first layer, in directions substantially parallel to a first dispersion plane, and at 
least one of the surfaces of the substrate layer is structured to disperse light in at least a 
direction parallel to a second dispersion plane p^endicular to the first dispersion plane. 

53. A film for a rear projection screen, comprising: 

a substrate layer, having a first substrate layer side; 
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stnictures, fonned from a first material having a first refi^active index, having 
structure bases disposed on the first substrate layer side, sidewalls of the structures 
extending in directions away fi*om die substrate, structure bases being formed of 
light absorbing material, and clear areas being defined on the first substrate layer 
side between the structure bases; and 

an overlayer, formed fi^om a second material having a second refi^ive 
index larger than the first refi^ctive index, disposed over the structures and the clear 
areas of the first substrate layer side, interfaces between the overiayer and the 
sidewalls forming internally reflecting surfaces for light propagating within the 
overlayer towards the substrate in a direction substantially perpendicular to the 
substrate. 

54. A film as recited in claim 53, wherein the reflecting surfaces form reflecting 
units that asymmetrically disperse light through respective clear areas on the first substrate 
layer side. 

55. A film as recited in claim S3, wherein the reflecting surfaces are disposed to 
reduce non-uniformity of light dispersion. 

56. A film as recited in claim S3, wherein the internally reflecting surfeces are 
disposed at two or more angles relative to an optical axis of the film. 

57. A light dispersing fibn for a rear projectioii screen, comprising: 

a first layer formed fi-om a first material having a first refiactive index, the 
first layer having first and second opposing sides and a first optical axis normal to 
the first side, 

the first layer including structures formed fi^om a second material having a 
second refiactive indm smaller than the first refiractive index, the structures having 
bases at the second side with one or more side walls extending towards the first side 
to define first reflecting surfaces, the structure bases including a light absorbing 
material, optically transmitting areas of the second side being defined betwem the 
structure bases; and 
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a bulk dififiiser disposed to disperse light passing through the optically 
transmitting areas of the second side. 

58. A film as recited in claim 57, wherein the bulk difiiiser includes light 
diffusing particles in the first layer proximate the optically transmitting areas. 

59. A film as redted in clum 57, wherdn the bulk difRiser includes light 
dif&sing particles disposed throughout the first material. 

60. A method of manufiuturing an optical film» compridng: 

casting and curing structures on a substrate, the structures being formed 
from a first material having a first refi-active index and with optically absorbing 
bases on the substrate, open substrate areas being defined between adjacent 
structures on the substrate; 

overcoating the structures and the open substrate areas with a second 
material having a second refractive index greater than the first refractive index, so 
as to form reflecting surfeces at interfaces between the first and second materials, 
the reflecting surfaces disposed to reflect light, propagating through second material 
substrate in a direction substantially parallel to an optical axis of the fibn, towards 
open substrate areas. 

61. A method of forming an optical film, comprising: 

forming grooves on a first side of a film of first material havmg a first 
refractive index, with open areas of the first side between the grooves; 

forming an optical scatterer on the open areas of the first side; 

filling the grooves with a second material having a second refiractive index 
smaller than the first refiactive index, the second material being optically absorbing. 

62. A light dispersing film for a rear projection screen, comprising: 

a first layer formed Srom a first material having a first reflective index, the 
first layer having first and second opposing sides and a first optical axis normal to 
the first side, 



40 



01/D4701 



PCT/US99y27250 



the first layer including structures formed from a second material having a 
second refractive index smaller than die first refinctive index, the structures having 
bases at the second side with at least two side walls extending towards the first side, 
internal reflecting surfaces being formed by interfaces between the first and second 
materials, the structure bases including a light absorbing material, optically 
transmitting areas of the second side being defined between the structure bases, 

at least one structure having at least one of the two sidewalls disposed at an 
angle selected to be parallel to diverging light passing through the film from an 
image li^t source positioned on the first optical axis. 

63. A li^t dispersing film for a rear projection screen, comprising: 

a first film first and second opposing ^des, and having a first refractive index 
witMn a first reflective index range, 

the first film including structures fonned from a structure material having a 
second refractive index less than the first refractive index range, the stmctures 
having bases at the second ade with one or more side walls extending towards the 
first side, first internal reflecting surfiices being formed by interfaces between the 
structure material and material of the first fibn, the structure bases including a light 
absorbing material, optically transmitting areas of the second side being defined 
between the structure bases, 

the first refractive index of the first film proximate the first s»de being 
difiermt from the first refiactive index of the first film proximate the second side. 

64. A light df q>er^g film for a rear projection screen, comprising: 

a first lay^ formed fi^om a fu^ material having a first refractive index, the 
first layer having first and second opposing sides and a first optical axis normal to 
the first side, 

the first layer including structures formed from a second material having a 
second refractive index smaller than the first refractive index, the structures having 
bases at the second side with one or more side walls extending towards the first 
side, metal coatings being disposed on at least portions of the sidewalls between the 
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first and second materials to form first reflecting surfiices, the structure bases 
including a light absorbing material, optically transnutting areas of the second side 
being defined between the structure bases, 

the first reflecting sur&ces forming reflecting units that asymmetrically 
disperse light through respective optically transmitting areas, and 

a bulk difluser being disposed within the first material to disperse light 
passing through the optically transmitting areas of the second side. 

65. A film as recited in claim 64, wherein the bulk difiiiser includes light 
difiusing particles in the first layer proximate the optically transmitting areas. 

66. A film as recited in claim 64, wherein the bulk difiKiser includes light 
difiiising particles disposed throughout the first material. 

67. A method of fi3rming an optical film, comprising: 

casting and curing structures on a substrate, the structures being formed 
Srom a first material and with optically absorbing bases on the substrate, open 
substrate areas being defined between adjacent structures on the substrate; 

disposing a metallic layer over at least part of the fractures to form 
reflecting surfaces, the reflecting surfaces being disposed to reflect light, 
propagating through second material substrate in a direction substantially paralld to 
an optical axis of the film, towards open substrate areas; and 

overcoating the metallic layer and the open substrate areas with a second 
material. 
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